Huanglongbing (HLB) is considered the most destructive citrus disease and occurs in the major citrus producing areas around the world. In Brazil, HLB is associated with the bacteria 'Candidatus' Liberibacter asiaticus (CLas) and 'Candidatus' Liberibacter americanus (CLam). CLas is the most aggressive and widespread species of the HLB bacteria. Currently, there is no curative control measure for this disease, and the eradication of diseased trees and control of the insect vector are the basic management measures for HLB. The search for other measures with higher efficiency and lower economic and environmental impacts for control of HLB has become a research priority. The use of chemicals that activate plant resistance mechanisms is a novel method for disease control. Thus, the objective of this study was to investigate the use of systemic acquired resistance (SAR) inducers for control of HLB. Nursery trees of Valencia sweet orange (Citrus sinensis (L.) Osbeck) grafted on Rangpur lime (Citrus limonia Osbeck) were inoculated with CLas by bud grafting technique using diseased material from HLB citrus trees, seven days after the first treatment with the SAR inducers, under greenhouse conditions. The SAR inducers imidacloprid (IMI), thiamethoxan (TMX), or acibenzolar-S-methyl (ASM), as well as the combination of ASM with IMI or TMX, were applied as soil drench. The nursery trees were evaluated according to the presence of HLB symptoms and the bacterium in leaf tissue. The presence of CLas was determined by using the PCR technique, at 120, 180, 240, and 300 days after the HLB bacterium inoculation. The first symptoms of HLB were observed on mature leaves of the check citrus trees 60 days before these symptoms were observed on trees treated with the SAR inducers. Two years after inoculation, 67% fewer citrus trees with HLB symptoms were observed for the ASM + TMX treated trees as compared to the check ones. Citrus trees treated with IMI, TMX, or ASM also provided lower levels of PCR-detected HLB bacterium compared to the untreated trees. Key words: Acibenzolar-S-methyl. 'Candidatus' Liberibacter asiaticus. Citrus spp. Imidacloprid. Neonicotinoids. Thiamethoxan.
esta doença, sendo a erradicação de plantas doentes e o controle do inseto vetor as medidas básicas para o manejo do HLB. A busca por outras medidas de maior eficiência e de menor impacto econômico e ambiental para o controle do HLB tem se tornado prioridade para diversos grupos de pesquisa. A utilização de produtos que ativam os mecanismos de resistência das plantas é uma das principais linhas de investigação. Assim, o objetivo deste estudo foi avaliar produtos indutores da resistência sistêmica adquirida (RSA) para controle do HLB. Mudas de laranja Valência (Citrus sinensis (L.) Osbeck),
Introduction
Huanglongbing (HLB) is the most destructive disease for the citrus industry in most of the main producing areas worldwide (BOVÉ, 2006) . Diseased citrus trees exhibit yellowish branches, asymmetric yellow leaf blotches, and underdeveloped and deformed fruits, with inverted coloring (BOVÉ, 2006) . Fruits of HLB diseased trees are not suitable for both, the juice industry and the fresh fruit market (DAGULO et al., 2010) . Diseased citrus trees become economically unproductive a few years after showing the first symptoms of the disease (BASSANEZI et al., 2011) .
HLB is associated with the non-cultured, fastidious, and phloem restricted bacteria 'Candidatus' Liberibacter asiaticus (CLas), 'Candidatus' Liberibacter africanus (CLaf), and 'Candidatus' Liberibacter americanus (CLam) (BOVÉ, 2006) . These bacteria are transmitted by phloem-feeding insects, and the most important vectors are the psyllids Diaphorina citri Kuwayama and Trioza erytreae Del Guerico (Homoptera: Psylloidea) (CAPOOR et al., 1967) . In Brazil, only CLas and CLam species were reported (COLETTA-FILHO et al., 2004; TEIXEIRA et al., 2005) , and the first occurrence of the disease was in the state of Sao Paulo, in 2004 (COLETTA-FILHO et al., 2004 TEIXEIRA et al., 2005) . Currently, HLB is also present in the states of Minas Gerais and Paraná (BELASQUE JÚNIOR et al., 2009) . Furthermore, the citrus psyllid D. citri is the vector of the HLB bacteria in Brazil (TEIXEIRA et al., 2005) . The characteristics of the bacterium transmission by the insect vector have been a key factor for the establishment of a management program of the disease in different citrus growing regions in Southern Brazil (BOVÉ, 2006) . The basic strategies adopted for the prevention and suppression of HLB involves regular inspections of orchards and prompt elimination of diseased trees, reduction of the D. citri psyllid population by regular application of insecticides, and planting of healthy citrus nursery trees produced under insect proof protected environment (BELASQUE JÚNIOR et al., 2009 ). These measures have allowed to slower the progress of the disease at economically acceptable levels and to prevent the spread of the pathogen to new areas, especially when applied at a regional level (BELASQUE JÚNIOR et al., 2009 ).
The lack of genetic resistance in citrus for HLB is the main reason for the search of alternative measures for disease control. In recent years, systemic acquired resistance (SAR) has been studied as a new disease control strategy for different cultivated crop plants. The results of SAR studies have been highly promising for use in the integrated management of diseases, particularly for those in which conventional control measures have been less effective (BARROS et al., 2010; PASCHOLATI, 2003) . Plants have natural protection mechanisms that can be activated in response to infection by a pathogen or by resistance inducers (DURRANT; DONG, 2004; TAIZ; ZEIGER, 2004; VAN LOON et al., 2006) . Some resistance inducers can activate the systemic induced resistance (SIR), whereas other inducers activate the systemic acquired resistance (SAR). SAR plays an important role in a systemic nonspecific defense mechanism effective against different biotrophic pathogens (STICHER et al., 1997; TERRY; JOYCE, 2004) . Currently, several chemicals have been studied as potential SAR inducing agents in plants. The neonicotinoid insecticides thiamethoxam (TMX) and imidacloprid (IMI), and the salicylic acid and its analogs are among the main SAR inducers under study for the control of different diseases in plants ( CASTRO; PEREIRA, 2008; FORD et al., 2010; FRANCIS et al., 2009; PAPPU et al., 2000) .
Thus, the objective of this study was to evaluate the effectiveness of systemic neonicotinoid insecticides and the resistance inducer acibenzolar-S-methyl (ASM) as SAR inducers for the control of HLB in citrus. Inoculations of the Valencia sweet orange trees were performed using plant material obtained from field trees of Pera Rio sweet orange (C. sinensis) with characteristic symptoms of HLB. For inoculations, two buds were grafted on opposite sides of the stem of each citrus tree, around 5 to 10 cm above the graft line. Twelve months after the first inoculation, all trees were subjected to a severe pruning, and 30 days later, they were inoculated again, independent of the viability of the first tissue grafting. The presence of HLB bacterium in the tree sources of inoculum was confirmed by PCR test, using the primers A2 and J5, specific for CLas (HOCQUELLET et al., 1999) .
Materials and Methods

Citrus trees
Treatments and experimental design
The neonicotinoids IMI (Confidor 700 WG ® ) and TMX (Actara 500 WG ® ), and the bioactivator ASM (Bion 500 WG ® ) were evaluated as resistance inducers. ASM was also tested in combination with IMI and TMX. The Valencia trees were treated two to four times with the chemicals, by soil drench of 200 ml of solution in each tree, at 60 day intervals (Table 1 ). The first application was 7 days before the inoculation of the citrus trees. The control trees received the same volume of water (Table 1 ). The experimental design was complete randomized, with six treatments and 10 replicates. Each replicate consisted of one citrus tree. The data were analyzed using the Cochran Q test for dichotomized data with more than three datasets of the same sample size (AYRES et al., 2007) . 
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Evaluations of the citrus trees
The citrus trees were evaluated based on disease symptoms and presence of the HLB bacterium at 4, 8, 10, and 12 months after inoculation. For disease symptoms, the trees were visually examined for the presence of typical HLB symptoms, such as asymmetric mottling and thickening of veins in mature leaves. Further, the presence of CLas was determined based on the polymerase chain reaction (PCR) test using specific primers for the bacterium (HOCQUELLET et al., 1999) .
DNA extraction of the citrus trees and PCR test for the detection of CLas
Total DNA was extracted from 500 mg of the midrib of mature leaves, by using the protocol described by Murray and Thompson (1980) . The detection of CLas was by conventional PCR technique, using the primers A2 and J5, which amplify a 703 base-pair DNA fragment specific to CLas bacterium (HOCQUELLET et al., 1999) . The samples were subjected to a 35 cycles including the following steps: denaturing at 92°C for 20 s, annealing at 62°C for 20 s, and extension at 72°C for 45 s. Afterward, the reaction product was applied in 1% agarose gel, stained with 7 µL of ethidium bromide (10 mg ml -1 ) per 100 mL of gel, and subjected to electrophoresis. The DNA bands were visualized under ultraviolet light and the image was captured with an L-PIX HE imaging system (Loccus Biotecnologia®, Cotia, SP).
Results and Discussion
The success in the inoculation of the citrus trees with buds containing HLB bacteria inoculum was determined 30 days after inoculation, for each of the two inoculations performed. Following the first inoculation, 80% of plants had at least one viable bud (i.e., green in color and fully healed to the recipient tree) in treatments TMX, ASM, IMI, and ASM/ TMX. The control and ASM/IMI treatments had 70% and 60% inoculated bud viability, respectively. Following the second inoculation, 100% of the buds were viable in all treatments. The lower proportion of viable buds observed following the first inoculation may have interfered with the transmission of CLas bacteria in the different treatments. However, with the second inoculation all citrus trees were equally infected with the HLB bacterium.
The transmission efficiency of the HLB bacterium to citrus trees by grafting depends on several factors, such as branch source, time of the year, size of the buds to be grafted, and efficiency of the grafting (LOPES; FRARE, 2008) . Although the inoculum buds were obtained from trees with severe disease symptoms and confirmed by PCR, the distribution of HLB bacteria is uneven in the citrus trees, even in symptomatic branches, and this must be considered in the transmission efficiency of the bacterium by grafting (COLETTA-FILHO et al., 2010; TATINENI et al., 2008) . Thus, these factors may explain the 90% transmission rate of HLB bacteria in the control trees, based on symptoms (Table 2) . Using the PCR test, the detection of the bacterium was lower than 60% (Table 2 ). This result can also be related to the uneven distribution of the bacterium in the citrus tree tissues (TATINENI et al., 2008) . Further, this transmission efficiency of CLas was also observed in other studies in which transmission was performed by grafting using contaminated material FRARE, 2008) . Similar results were also obtained with sweet orange trees by bud grafts contaminated with CLas in Rangpur lime rootstocks (COLETTA-FILHO et al., 2010) . Nevertheless, the use of more sensitive techniques than conventional PCR to detect HLB bacteria could reveal a larger number of trees infected by the bacterium (TATINENI et al., 2008) . Citrus trees treated with resistance inducers showed slower development of HLB symptoms when compared with the control trees. In control trees, the first symptoms of HLB were observed in mature leaves, presenting mild asymmetric mottling, approximately four months after the first inoculation. In contrast, trees that received applications of resistance inductors showed mild symptoms of HLB six months after inoculation. Severe symptoms of the disease were observed in control trees at the end of the first year of assessment. Thirty days after the pruning performed at the end of the first evaluation year, mild symptoms of HLB were observed in new branches in all previously symptomatic trees, including control trees and those that were treated with resistance inducers. In these trees, the initial symptoms of HLB progressed rapidly over the course of the second year of evaluation, and it was not possible to observe differences in the severity of symptoms among treatments (data not shown).
The trees treated with IMI and ASM/IMI presented symptoms of phytotoxicity after receiving the second application of these products. The symptoms of phytotoxicity were similar to those of nutritional deficiency, with generalized internerval chlorosis, progressing to the edges of the leaves. These symptoms remained throughout the experimental period, even after the pruning of the branches.
The incidence of HLB was quantified by considering only the trees that showed at least one viable inoculum bud. Therefore, the IMI treatment had the highest incidence of diseased trees in the first year, with 37% of trees with positive PCR result for CLas (Table 2 ). Control and ASM/IMI treatments, presented only two trees with positive PCR results for the HLB bacterium, with an incidence of 28% and 33% of diseased trees, respectively (Table 2) . It is worth noting that the difference in percentage of diseased trees was due to differences of viable buds among the treatments. None of the trees treated with ASM showed positive PCR results for HLB bacteria in the first year of the study (Table 2) .
At the end of the second experimental year, when the citrus trees had already been inoculated by the second time, the treatments with higher incidence of HLB were the control and TMX, both with 60% of CLas-infected trees ( Table 2 ). The treatments with ASM alone and in association with neonicotinoids had 10% to 40% infected trees ( Table 2 ). The treatment with ASM plus TMX had the lowest number of trees with CLas, based on PCR tests (Table 2) . Therefore, we can infer that synergism possibly occurred between ASM and TMX products for control of the HLB bacterium.
The neonicotinoids and ASM are capable of inducing SAR in various cultivated plants (CAVALCANTI et al., 2006; FRANCIS et al., 2009; MANDAL et al., 2008) . Applications of ASM reduced the number of lesions caused by Xanthomonas citri subsp. citri in citrus trees artificially inoculated (FRANCIS et al., 2009; LEITE JÚNIOR, 2007; SILVA et al., 2012) . These results indicate that the resistance mechanisms of citrus trees remain active for a certain period after treatment with resistance inducers (FRANCIS et al., 2009; LEITE JÚNIOR, 2007; SILVA et al., 2012) . SAR involves the activation of latent mechanisms in the plant, providing systemic resistance to phytopathogenic microorganisms, even when the infection site is distant from where the inducer was applied (DURRANT; DONG, 2004; RYALS et al., 1996) .
Activation of SAR is characterized by the accumulation of salicylic acid, the expression of genes that encode proteins related to pathogenicity (PR), and hypersensitivity reactions (HR) (RESENDE et al., 2003) . The application of resistance inducers before inoculating the pathogen was intended to induce a prior activation of the resistance mechanisms of the plant in order to contain the infection. The speed of response of the plant to the stimuli caused by the infection process is crucial for the success or failure of the development of diseases (RESENDE et al., 2003) .
Based on transcriptome studies, it was demonstrated that citrus trees naturally infected with CLas had activation of SAR, although inefficiently (MARTINELLI et al., 2013) . A higher production of aminobutyric acid (ABA) was observed in symptomatic citrus fruit, interfering with the biosynthesis of jasmonic acid (JA), a resistance inducer against necrotrophic pathogens (PIETERSE et al., 2009 ). This process is antagonistic to defense pathways dependent on salicylic acid (SA), which is responsible for defense mechanisms against biotrophic pathogens (MARTINELLI et al., 2013) . The biosynthesis of JA can also be induced by the feeding process of the insect vector of the HLB bacterium. This could cause delay in tree response of more efficient defense mechanisms against CLas. In the same study, Martinelli et al. (2013) demonstrated the induction of the methyl salicylic acid pathway in young leaves of citrus trees infected with CLas. However, signaling for the defense response pathway dependent on this acid was not detected. Young tree organs are preferred for feeding by the insect vector of the HLB bacterium, and this is possibly where there is larger probability of bacterium infection. The low efficiency in the expression of plant defense mechanisms at the primary site of infection reinforces the hypothesis of the suppression of the plant defense responses mediated by gene homologous to hydroxylase salicylate (sahA), found in the CLas genome, or even by the activation of the JA pathways through the feeding of the insect vector (ANDERSON et al., 2004; MARTINELLI et al., 2013) .
Studies with transgenic tobacco plants demonstrated the non activity of salicylate hydroxylase (sahA) on molecules analogous to salicylic acid in vitro (PARK et al., 2007) . This supports the hypothesis that the ability of CLas in suppressing the natural defenses of citrus tree may be dependent on the accumulation of salicylic acid in the activation of SAR under natural conditions. The use of analogues of salicylic acid in a preventive manner could be a strategy for early and effective activation of tree resistance mechanisms against HLB. The present study indicated that the preventive administration of SAR inducers in citrus trees, in particular analogues of salicylic acid, could reduce the efficiency of the colonization of citrus trees by CLas. Further studies using a larger number of trees inoculated with D. citri, the insect vector of CLas and CLam in Brazil, should be carried out to as this is the natural conditions of the spread and transmission of HLB bacteria.
Conclusions
Applications of SAR inducers, such as the neonicotinoids IMI and TMX and the bioactivator ASM, reduce the colonization and infection efficiency of citrus trees by CLas and delay the development of HLB symptoms.
There is evidence of a synergistic effect in the induction of SAR in citrus trees when ASM and TMX are applied in combination for control of HLB.
